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An invention according to claim ^S^rovides the piezoelectric 
element according to any of claims 1 to 4, in which the piezoelectric 
film is formed of PZT expressed by a chemical formula, Pb(Zri - xTi 3t )0 3 
(0.1^x^1) or formed of a material mainly composed of PZX- 

, .fl Ji invontion accordin g to ulalut G pi milder the piezoelejgfrfic 
element according to any of claims 1 to 5, in whichtte-^Xezoelectric 
film is formed of a solid solution of a cpff{5osite oxide expressed 
by a chemical formula, ^STjh /Pb (Cj^9£/3) °3 (C : alkaline-earthmetals 
such as Mg, Zn, N^, f KB^(^pjp^e7 D : V, Nb-or Ta)) [ (Bai- y Sr y ) Ti0 3 
(Ogy^l)] (a+b+g£»Tf0.6£a^l, 0^b^0.4, O^c^O.06) (Pb (C 1/3 D 2 /3) 0 3 
is herein^fe€r referred to as ^PCD", and (Baj-ySry) Ti0 3 is hereinafter 
refgg god to-Lrs "B5T0 ") . 

An indention according to claim 7 provides 'the piezoelectric 
element according to any of - ela£mo ^l 4e-6-, in which the oxide layer 
is 0.05 ^m to 1 jum in thickness. 

An invention according to claim 8 provides the piezoelectric 
element according to ^any of olfejlmq ^l trrT, in which the piezoelectric 
film is 1/y.m to 25/zm in thickness. 

An invention according to claim 9 provides the piezoelectric 
element according to any of c la ^TO^K, .fee— fr, in which the oxide layer 




is not more than 10% of the piezoelectric film in thickness. 

* An invention -aeee^d-ing LP £lalm 10 pro'Viaes a pro* 
producing a piezoelectric element comprising: a first ej^ffcrode 
forming step in which an electrodeJbs f ormed on a^^ubstrate; a 
piezoelectric film forming stepx£# which a ©isoelectric film is 
„ formed on the electrode; a^id^^fec^Tnd e3^cf£rode forming step in which 
another electrode is f qrme^ on^oFie . piezoelectric film; wherein an 
oxide layer f orrru\ng^fci^xn which an oxide layer is formed is performed 
between the^fc^st electrode forming step and the piezoelectric film 
3 0 f^p^rfro -,st-^p rm^/nT^^™^pn^k*^Af*7 l aelf>rtri l r film f rmm ng-ntpp amH 




j ahc oooond oloctrodc forming st^p . 

An invention according to claim 11 provides the sfroc&ss 
according to claim 10, in which the oxide layer is/rormed by 
solution-phase method using metallic alkoxide and/oj?roetallic salt 
as a starting material. 

An invention according to c <ia lm 12 ^provides the process 
according to claim 10 or 11/ in wh^eh the mfezoelectric film is formed 
by solution-phase method uspng m^x^lic alkoxide and/or metallic 
salt as a starting matt 

An invention acboyg^j£§ to claim 13 provides an ink- jet printer 
head provided with af&^nk nozzle, and in which capacity of an Ink 
chamber communicating to the ink nozzle through an ink passage is 
changed by ajx^ctuator, and ink is jetted from the ink nozzle through 
the inje'passage, wherein the piezoelectric element according to any 
15 gdKcla^tmc- 1 LP 9 ib umud ao tho actu^te ^ 

In the piezoelectric element according to claim 1 or 2, the 
piezoelectric film is provided with an oxide layer which does not 
contain lead or an oxide layer which contains a small amount of lead, 
and the oxide layer is arranged on a face of the piezoelectric film, 
20 the face being in contact with the electrode • Consequently, the 
leakage current is decreased as compared with a piezoelectric element 
which is not. provided with an oxide layer* It is possible to form 
the oxide layer by forming a film on the piezoelectric film or on 
the electrode, and therefore process control in the production of 
25 the piezoelectric element is relatively easy. 

In the piezoelectric element according to claim 1, mechanical 
durability of the element is more improved, and the element is 
effectively prevented from breakdown or the like due to peeling of 
the piezoelectric element and the electrode. This is probably because, 
30 as a result of employing the oxide layer being formed of a composite 
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oxide expressed by a chemical formula ABO3 or of a solid solution 
of one or not less than two kinds of composite oxides respectively 
expressed by the chemical formula AB0 3 , a superior lattice matching 
is obtained between the oxide layer and the piezoelectric film and 
5 electrodes. In the piezoelectric element according to claim 2, a 
furthermore improvedmechanical durability of the element is achieved . 
This is probably because the lattice matching is improved all the 
more between the oxide layer and the piezoelectric film and electrodes . 
In addition, in each piezoelectric element according to claims 1 
10 and 2 r mechanical durability of the element is more improved. 

In the piezoelectric element according to claim 3, the 
piezoelectric film is provided with an oxide layer which is 
ferroelectric, and the oxide layer is arranged* on a face of the 
piezoelectric film, the face being in contact with the electrode. 
15 As aresult, it ispossible to lower driving voltage of the piezoelectric 




element - 

In the piezoelectric element according to claim 4, leakage 
current is decreased more and/ as a result, superior piezoelectric 
characteristics are performed. 

~ ~, the 



claim 5, 



-3En — ttfe piezoex^ctrr±5 — eleitrwuL 
piezoelectric f xl$n ^^^bf^d^i^f^ToT formed using a material mainly 
composed of FZT^Asr^xesult. , the piezoelectric f ilmperf orras superior 
-<;hux uctur ±l> Lies J 
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r £n — fehe — ^ > l ui ! ou l*dL ! LiJLu — element — cKrcor d ing — ^cr^^er±Sfi 6, the 

piezoelectric film is formed using PZT, PCD, ap&BSTO as main components . 
As a result, not /l°n^p n the piezoelectric film performs superior 
piezoelectric \cha^^y^K^fe^6s f but also it is possible to change 
the characte^$^€3S^6y selecting ratio of the three components . This 
makes it^possible to select the characteristics among a wide range 
rvf^hnj m n nd is advantageous in do £» d - gn - ing - th e— ejretneTTtTt 

In the piezoelectric element according to claim7, it is possible 
to securely obtain the advantage of decreasing the leakage current 
because the oxide layer is not less than 0.05£im in thickness, and 
performance as a piezoelectric element is not deteriorated because 
the oxide layer is not more than 1/im in thickness. 

In the piezoelectric element according to claim 8, the 
piezoelectric film is l^nito 25/xmin thickness. As a result, there 
is no problem that effective vibration is not achieved by the element 
due to excessively thin piezoelectric film and deficient driving 
force and that a large driving voltage is required for displacement 
of the element due to excessively thick piezoelectric film. 

In the piezoelectric element according to claim 9, the oxide 
layer is not more than 10% of the piezoelectric film in thickness, 
and therefore the piezoelectric characteristics to serve as a 
piezoelectric element are not deteriorated. When the oxide layer 
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is*excessively thick, ratio of the piezoelectric film to the whole 
piezoelectric element is smaller, and this causes deterioration in 
characteristics of the piezoelectric element such as increase in 
driving voltage otherwise decrease in displacement amplitude of the 
element. However/ such deterioration does not occur when the oxide 
layer is not more than 10% of the piezoelectric film in thickness. 

; 9&« — fche — pr o c e &s — £©a= — producing the — piy^uelectric^ej^mefjt 

according to claims 10 t© 12^4nfie piezoelectric ej^meTrt according 
to claim 1 is obtaineclyi^Bo^iqi^ a rela^ive^Tysimple process* 

The ink-jet( pra^e^^ to claim 13 is provided 

with the piezoelepfe^^Telement having the foregoing characteristics 
of each invention according to claims 1 to 9 as the actuator. As 
apB^&trirfcT — it i rr^pm -n 1 b 1 f tn n f hain iTaprovementj-i n-^ po - r f orra aneg: — 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows an embodiment according to the present invention 
and is a partially enlarged sectional view of a piezoelectric element . 

Fig. 2 is a vertical sectional view of an ink- jet printer head 
in which the piezoelectric element shown in Fig. 1 is used as an 
actuator, and a part of the ink- jet printer head is enlargedly and 
schematically shown. 

Fig. 3 is a view showing I -V characteristics of each of the 
piezoelectric element obtained in Example 3 and that obtained in 
Comparative Example 1. 

Fig. 4 is a view showing I - V characteristics of each of the 
piezoelectric element obtained in Example 24 and that obtained in 
Comparative Example 4. 

Fig. 5 is a vertical sectional view of an ink- jet printer head 
in which a conventional piezoelectric element is used as an actuator, 
and a part of the ink- jet printer head is enlargedly and schematically 



